1. Introduction {#sec1-ijms-17-00668}
===============

Nowadays the theory that regular consumption of probiotic food products is linked to enhanced health and longevity is well established. The relief of symptoms caused by several gastrointestinal disorders \[[@B1-ijms-17-00668]\], the alleviation of lactose intolerance \[[@B2-ijms-17-00668]\], the prevention of allergies \[[@B3-ijms-17-00668]\], obesity \[[@B4-ijms-17-00668],[@B5-ijms-17-00668]\], and osteoporosis \[[@B6-ijms-17-00668]\], and the reduction of the risk of colon \[[@B7-ijms-17-00668]\], breast \[[@B8-ijms-17-00668]\], or bladder cancer \[[@B9-ijms-17-00668]\] are among the beneficial health effects described in humans and animals. Accordingly, yogurt, cheese, ice cream, and other dairy products are commercially available \[[@B10-ijms-17-00668]\]. At the same time, the food industry and the consumers show significant interest in the development of non-dairy probiotic products \[[@B11-ijms-17-00668]\]. Indeed, the effective incorporation of probiotic microorganisms has been demonstrated in fruit juices \[[@B12-ijms-17-00668]\], chestnuts \[[@B13-ijms-17-00668]\], and dry fermented sausages \[[@B14-ijms-17-00668]\].

In addition, a recent study showed that several lactic acid bacteria (LAB) strains isolated from naturally fermented table olives display probiotic potential \[[@B15-ijms-17-00668]\]. Among them, two strains, namely *Lactobacillus pentosus* B281 and *Lactobacillus plantarum* B282, were used effectively as starter cultures in Spanish-style green olive fermentation \[[@B16-ijms-17-00668],[@B17-ijms-17-00668]\]. Significantly, both strains colonized the olive surface at populations ranging from 10^6^ to 10^7^ CFU/g throughout fermentation, without affecting the physicochemical properties of the product. Moreover, the novel probiotic olives were accepted for consumption, as indicated by the sensory evaluation tests performed \[[@B16-ijms-17-00668]\]. However, further studies are required to confirm and establish the probiotic character of the two strains.

Monitoring the presence of LAB in food products is crucial in order to evaluate their probiotic character and elucidate their mechanisms of action. To this end, several polymerase chain reaction (PCR)-based molecular methods have been presented with the power to detect, identify, and distinguish the microorganisms of interest among closely related species and strains \[[@B18-ijms-17-00668]\]. For example, multiplex PCR assays have been developed for accurate and efficient detection of specific LAB strains in probiotic products \[[@B19-ijms-17-00668],[@B20-ijms-17-00668],[@B21-ijms-17-00668]\]. The design of strain specific primers was performed by comparative sequence analysis. However, when sequence information is not available the Random Amplified Polymorphic DNA (RAPD) technique may be firstly employed as a suitable means by which to reveal the needed polymorphism \[[@B22-ijms-17-00668],[@B23-ijms-17-00668]\]. Short arbitrary primers (a 10-base pair sequence) are used to generate multiple randomly sized DNA fragments in PCR reactions with low-stringency annealing conditions. The sequence-characterized amplified regions (SCAR) produced are then used to design strain-specific PCR primers. Of note, we have recently applied this methodology for the molecular detection of two specific LAB strains with potential probiotic properties \[[@B24-ijms-17-00668]\].

The aim of this study was the design and development of a multiplex PCR assay based on RAPD analysis for the detection of strains *Lb. pentosus* B281 and *Lb. plantarum* B282 in a single reaction. The accuracy and efficiency of the assay were tested against several different LAB strains. Moreover, the developed methodology was applied to monitoring the presence of the two strains during refrigerated storage of yogurt prepared with the two strains as starter cultures. Finally, the microbiological, physicochemical, and sensory properties of the products were studied, to evaluate the performance of the two strains as starter cultures for the production of novel probiotic dairy products.

2. Results and Discussion {#sec2-ijms-17-00668}
=========================

2.1. Screening of Random Amplified Polymorphic DNA (RAPD) Primers, Isolation of Sequence-Characterized Amplified Regions (SCAR) Markers, and Design of Novel Primers for Multiplex Polymerase Chain Reaction (PCR) {#sec2dot1-ijms-17-00668}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A total of 123 arbitrary primers were tested with RAPD PCR with DNA extracted from pure cultures of *Lb. pentosus* B281 and *Lb. plantarum* B282. Thirty-two primers for *Lb. pentosus* B281 and 24 primers for *Lb. plantarum* B282 produced more than five scorable bands and were selected for further analysis. Out of the primers selected, primers AG281 and AG282 gave unique RAPD profiles for the two strains, as presented in [Figure 1](#ijms-17-00668-f001){ref-type="fig"}. To confirm the reproducibility of the method, each reaction was repeated three times with the same conditions. Two potential strain specific RAPD markers, an 872 base pairs (bp) band for *Lb. pentosus* B281 ([Figure 1](#ijms-17-00668-f001){ref-type="fig"}A) and a 391 bp band for *Lb. plantarum* B282 ([Figure 1](#ijms-17-00668-f001){ref-type="fig"}B), were isolated from the agarose gel, cloned into an appropriate pBlueScript vector, and sequenced.

Potential strain-specific primers for *Lb. pentosus* B281 and *Lb. plantarum* B282 were designed with the obtained nucleotide sequences. The nucleotide sequences for the primers of *Lb. pentosus* B281 were 5′-GGTGAAGCTGATATTTATG-3′ for 281F and 5′-GGTGAAGCTGGTGGTGGTATC-3′ for 281R. In addition, the nucleotide sequences for the primers of *Lb. plantarum* B282 were 5′-CCACAGCAGTAGGGCGCGAG-3′ for 282F and 5′-CCACAGCAGTCTGCCCAACC-3′ for 282R. A multiplex PCR assay was developed employing the novel primer pair for each strain of interest and a set of primers (P1 and P2) that recognizes the *16S rRNA* gene of LAB, and gives an 89 bp product that serves as a positive control marker \[[@B25-ijms-17-00668]\]. For reaction optimization, the step-by-step protocol proposed by Henegariu *et al.* \[[@B26-ijms-17-00668]\] was followed.

2.2. Specificity of the Multiplex PCR {#sec2dot2-ijms-17-00668}
-------------------------------------

The multiplex PCR was initially tested with DNA extracted from *Lb. pentosus* B281 and five other *Lb. pentosus* strains also isolated from table olives \[[@B27-ijms-17-00668]\]. As presented in [Figure 2](#ijms-17-00668-f002){ref-type="fig"}A, *Lb. pentosus* B281 gave two distinct products (89 and 872 bp), whereas only one, the 89 bp positive control product, was produced for the five other *Lb. pentosus* strains tested ([Figure 2](#ijms-17-00668-f002){ref-type="fig"}A). Similarly, a multiplex PCR with the novel primers 282R and 282F and the universal primers P1 and P2 was performed with DNA from *Lb. plantarum* B282 and five other *Lb. plantarum* strains isolated from table olives. Significantly, two PCR products were only produced (391 and 89 bp) for *Lb. plantarum* B282, enhancing the specificity of the reaction ([Figure 2](#ijms-17-00668-f002){ref-type="fig"}B).

To further validate the specificity of our methodology, multiplex PCR assays employing the RAPD-derived primers for *Lb. pentosus* B281 and the universal primers P1 and P2 were performed with DNA extracted from *Lb. pentosus* B281 and 22 *Lb. pentosus* wild-type strains isolated from table olives, as well as from five other LAB strains, including the reference strains *Lb. casei* Shirota ACA-DC 6002, *Lb. rhamnosus* GG ATCC 53103, and *Lb. casei* ATCC 393, which are commonly used in probiotic products. A two-band pattern was exclusively generated for *Lb. pentosus* B281 ([Table S1](#app1-ijms-17-00668){ref-type="app"}). In parallel, multiplex PCR reactions were performed on *Lb. plantarum* B282 and 22 different LAB strains, including eight *Lb. plantarum* and five *Lb. pentosus* wild-type strains isolated from table olives, using the novel primers for *Lb. plantarum* B282 and the universal primers P1 and P2. As expected, two products were generated only for *Lb. plantarum* B282 ([Table S2](#app1-ijms-17-00668){ref-type="app"}). To determine the detection limit of our proposed methodology, DNA from pure cultures containing the strain of interest at levels ≥10^5^, ≥10^4^, and ≥10^3^ cells/mL, respectively, was extracted and multiplex PCR reactions were performed. Both *Lb. pentosus* B281 and *Lb. plantarum* B282 were detected at levels of ≥10^4^ cells/mL (data not shown).

2.3. Μicrobiological Analysis {#sec2dot3-ijms-17-00668}
-----------------------------

*Lb. pentosus* B281 and *Lb. plantarum* B282 alone or in combination were employed as starter cultures in yogurt production and microbiological analysis was performed during the storage of the products. Lactobacilli, streptococci, and total viable counts in the yogurt samples are presented in [Figure 3](#ijms-17-00668-f003){ref-type="fig"}. Numbers of lactobacilli, for probiotic cases, increased during the first days of storage and then the behavior of lactobacilli was similar until the end of shelf-life of the products. For the control case, the lactobacilli population (starter culture) was found at lower levels than those of probiotics for the first two sampling days, while it decreased until the end of shelf-life of yogurt. Streptococci levels remained almost stable during refrigerated storage (approximately 8 log CFU/g) for all cases. Enterobacteriaceae and yeast/mold counts were not detected in any yogurt sample during the whole period of the experiment (data not show). These microbiological results are in accordance with those of a previous study from our group using free or immobilized cells on whey protein of a different probiotic LAB strain, as co-culture during the pilot production of either bovine or ewe's milk yogurt in industry \[[@B28-ijms-17-00668]\].

2.4. Monitoring the Presence of Lb. pentosus B281 and Lb. plantarum B282 in Yogurt {#sec2dot4-ijms-17-00668}
----------------------------------------------------------------------------------

It is generally considered that the minimum number of probiotic cells in food products required to provide a healthy benefit is ≈6 log CFU/g \[[@B29-ijms-17-00668],[@B30-ijms-17-00668]\]. Therefore, we investigated whether *Lb. pentosus* B281 and *Lb. plantarum* B282 were present in yogurt samples above this threshold level during refrigerated storage. After lactobacilli enumeration, the presence of the two strains in petri dishes corresponding to the concentration of ≥6 log CFU/g was detected by multiplex PCR using the novel strain-specific primers. It was found that both strains were present at these levels in the corresponding yogurt samples after 1, 15, and 35 days of storage at 4 °C ([Table 1](#ijms-17-00668-t001){ref-type="table"}). The high survival rates of probiotic cultures observed in the present study could be attributed to the acid-resistant nature of the strains used. Similar results regarding the survival of probiotic cultures in yogurt after refrigerated storage for long time periods have been observed in other studies too \[[@B31-ijms-17-00668],[@B32-ijms-17-00668],[@B33-ijms-17-00668]\], although a significant decline in viable counts was observed in many cases, resulting in levels below 6 log CFU/g \[[@B34-ijms-17-00668],[@B35-ijms-17-00668]\].

2.5. pH Determination {#sec2dot5-ijms-17-00668}
---------------------

The results of pH determination are presented in [Figure 4](#ijms-17-00668-f004){ref-type="fig"}. pH values ranged at usual levels and were significantly (*p* \< 0.05) affected by all factors (probiotic culture and storage time). It is evident that during storage pH values declined in all cases, but yogurts with probiotic cultures were found to be more acidic in comparison with the controls.

2.6. Sensory Evaluation {#sec2dot6-ijms-17-00668}
-----------------------

The results of the organoleptic assessment for sampling days 1, 7, 15, 22, and 35 were presented in [Figure 5](#ijms-17-00668-f005){ref-type="fig"}. In general, the panelists attributed similar total evaluation scores (*p* \> 0.05) to the new probiotic and the control products, during refrigerated storage ([Figure 5](#ijms-17-00668-f005){ref-type="fig"}). The supplementation of yogurt with probiotic cultures of *Lb. pentosus* B281 and both *Lb. pentosus* B281 and *Lb. plantarum* B282 led to similar scores for total taste and total appearance of the products and the control samples, during two weeks of cold storage. In this respect, the 10-member taste panel found that the organoleptic characteristics of probiotic yogurt for all cases on the 22nd day of storage were still evaluated positively ([Figure 5](#ijms-17-00668-f005){ref-type="fig"}) and were found to be more acidic compared to the controls. Yogurt containing B281 strain was found sweeter at the 7th and 22nd day compared to the control case and the other probiotic cases. On the other hand, all yogurts were evaluated negatively at the 35th day of storage. Concerning total texture and rancidity, probiotic yogurts had similar values to the control products (*p* \> 0.05). Yogurts with the addition of *Lb. pentosus* B281 had similar values (*p* \> 0.05) for homogeneity, total taste, total aroma, and total appearance to the controls after two weeks of cold storage ([Figure 5](#ijms-17-00668-f005){ref-type="fig"}).

3. Experimental Section {#sec3-ijms-17-00668}
=======================

3.1. Bacterial Strains and Culture Conditions {#sec3dot1-ijms-17-00668}
---------------------------------------------

All *Lb. pentosus* and *Lb. plantarum* strains, were isolated previously from industrially fermented olives \[[@B27-ijms-17-00668]\]. Cultures of *Lb. pentosus* B281 and *Lb. plantarum* B282 were activated from a stock culture stored at −80 °C in MRS broth and were grown at 30 °C for 24 h in de Man, Rogosa, and Sharpe (MRS) broth (Fluka, Buchs, Switzerland). A starter culture of *Streptococcus thermophilus* was grown at 37 °C for 24 h on M17 broth (Oxoid Limited, Hampshire, UK) and the strain *Lb. delbrueckii* ssp. bulgaricus was grown at 30 °C for 24 h anaerobically in MRS broth (Fluka). *Lb. paracasei* DSM 20207, *Lb. paracasei* DSM 46331 and *Lb. paracasei* DSM 5622 strains were grown at 30 °C in MRS broth (Fluka).

3.2. RAPD PCR {#sec3dot2-ijms-17-00668}
-------------

The RAPD primer generator application was employed for the design of the decamer RAPD primers \[[@B36-ijms-17-00668]\]. All primers were obtained from VBC-Biotech, Vienna, Austria. PCR reactions were performed as described previously \[[@B24-ijms-17-00668]\]. The PCR products were subjected to electrophoresis in 1.5% *w*/*v* agarose gels in Tris-acetate-EDTA (TAE) buffer. Staining of the gels was performed with 0.5 μg·mL^−1^ ethidium bromide. Then the gels were visualized under UV illumination and photographed with a digital camera (Gel Doc EQ System, Biorad, Segrate, Italy). Each reaction was repeated three times, and those producing reproducible fingerprints were considered for further marker purification and cloning.

3.3. Cloning and Sequencing {#sec3dot3-ijms-17-00668}
---------------------------

After electrophoresis separation of the RAPD fragments, the selected bands were excised from the gel, and DNA was isolated using a NucleoSpin Extract II kit (MACHEREY-NAGEL, Düren, Germany) according to the manufacturer's instructions. The selected RAPD markers were cloned into the pBlueScript SK+ vector following the TA cloning protocol described by Zhou and Gomez-Sanchez \[[@B37-ijms-17-00668]\], with slight modifications as described before \[[@B24-ijms-17-00668]\]. Sequencing of the resulting clones was performed by VBC-Biotech, Austria. The nucleotide sequence of the cloned fragment was determined from three clones. With the obtained sequence, the forward and reverse primers were designed including the decamer primer sequence extending few nucleotides (8--10 bases) as described before \[[@B24-ijms-17-00668]\].

3.4. Multiplex PCR {#sec3dot4-ijms-17-00668}
------------------

Multiplex PCR reactions were carried out as described before \[[@B24-ijms-17-00668]\], with the employment of primers 281F: 5′-GGTGAAGCTGATATTTATG-3′ (10 pmol), and 281R: 5′-GGTGAAGCTGGTGGTGGTATC-3′ (10 pmol) for *Lb. pentosus* B281 and 282F: 5′-CCACAGCAGTAGGGCGCGAG-3′ (10 pmol) and 282R: 5′-CCACAGCAGTCTGCCCAACC-3′ (10 pmol), for *Lb. plantarum* B282, respectively. A set of primers consisted of P1: 5′-AGCAGTAGGGAATCTTCCA-3′ (10 pmol) and P2: 5′-ATTYCACCGCTACACATG-3′ (10 pmol) was also added as positive control \[[@B25-ijms-17-00668]\]. Amplification was carried out in a Thermal Cycler (Eppendorf, Hamburg, Germany) under the following conditions: for *Lb. pentosus* B281, 95 °C (2 min), followed by 26 cycles of 95 °C (30 s), 63 °C (30 s), 72 °C (45 s), followed by a final extension step at 72 °C (2 min); for *Lb. plantarum* B282, 95 °C (2 min), followed by 22 cycles of 95 °C (30 s), 68 °C (30 s), 72 °C (45 s), followed by a final extension step at 72 °C (2 min). The PCR products were separated on 1% (*w*/*v*) agarose gels, visualized under UV illumination, and photographed with a digital camera (Gel Doc EQ System, BioRad).

3.5. Yogurt Production {#sec3dot5-ijms-17-00668}
----------------------

Yogurts (100 g) were produced by inoculating pasteurized bovine milk with a typical yogurt culture consisting of *Lb. delbrueckii* ssp. *bulgaricus* and *Strep. thermophilus* (control), with *Lb. delbrueckii* ssp. *bulgaricus*, *Strep. thermophilus* and *Lb. pentosus* B281 (B281), *Lb. delbrueckii* ssp. *bulgaricus*, *Strep. thermophilus* and *Lb. plantarum* B282 (B282) and *Lb. delbrueckii* ssp. *bulgaricus*, *Strep. thermophilus*, *Lb. pentosus* B281, and *Lb. plantarum* B282 (double) and incubated in appropriate conditions (42 °C, 6 h). The initial cell counts for all cultures (*Lb. delbrueckii* ssp. *bulgaricus*, *Strep. thermophilus*, *Lb. pentosus* B281, and *Lb. plantarum* B282) were \~9 log CFU/g. After the fermentation process, samples were stored at 4 °C until the end of the shelf life of the product (*ca.* 35 days). Samples from each treatment were collected at various time intervals and subjected to microbiological, molecular, physicochemical, and sensory analyses.

3.6. Microbiological Analysis {#sec3dot6-ijms-17-00668}
-----------------------------

Ten grams of duplicate yogurt samples were aseptically transferred to 90 mL sterilized quarter-strength Ringers solution (Sigma-Aldrich, Gillingham, UK). Serial dilutions were prepared with the Ringers solution and duplicate samples were spread or mixed on the following media: de Man--Rogosa--Sharp agar (MRS, CM 361, Oxoid, Oxford, UK) for LAB and incubated at 30 °C for 48 h; rose bengal chloramphenicol agar base (RBC, Biolife, Milano, Italy) for yeasts/molds incubated at 25 °C for 48--72 h; Violet Red Bile Glucose agar (Biolife) for *Enterobacteriaceae* overlaid with the same medium and incubated at 37 °C for 24 h; M17 agar (Biokar Diagnostics, Paris, France) for *Streptococcus thermophilus* and incubated at 37 °C for 48 h; plate count agar (Fluka) for total viable counts and incubated at 30 °C for 48 h.

3.7. Molecular Detection of Lb. pentosus B281 and Lb. plantarum B282 in Yogurt {#sec3dot7-ijms-17-00668}
------------------------------------------------------------------------------

Following enumeration of lactobacilli in MRS agar, the plates corresponding to the concentration of ≥6 log CFU/g (dilution factor 10^−5^) were washed with 1 mL sterilized quarter-strength Ringers solution (Sigma-Aldrich), and then the cell suspensions were subjected to molecular analysis based on multiplex PCR as described in [Section 3.5](#sec3dot5-ijms-17-00668){ref-type="sec"}. Genomic DNA from the lactobacilli suspensions was extracted using a DNeasy Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. The amount of extracted DNA was determined by absorbance at 260 nm using a UV spectrophotometer (Eppendorf).

3.8. pH Determination {#sec3dot8-ijms-17-00668}
---------------------

In parallel with microbiological analysis the pH value of yogurt was evaluated using a pH-330i pH meter, WTW GmbH, Weilheim, Germany pH meter. The pH was recorded after the end of microbiological analysis by immersing the glass electrode in the yogurt sample.

3.9. Sensory Evaluation {#sec3dot9-ijms-17-00668}
-----------------------

Sensory evaluation of yogurt samples was performed during storage at the same time intervals as for microbiological analysis. Samples of approximately 25 g were served in a random order at room temperature. Sensory evaluation was performed by a panel of 10 members (trained staff from the Institute of Technology of Agricultural Products of Hellenic Agricultural Organization---DEMETER, Lycovrissi, Greece) after each sample, using locally approved protocols. The panel was asked to give scores on a 0 to 10 hedonic scale for attributes grouped into five categories: appearance, aroma, taste, texture, and overall quality. Assessment was designed to identify specific indicators (skin, white color, syneresis, acidic aroma, buttery, cheesy, acidic taste, sweet, bitter, rancid, consistency, homogeneity, and grainy) for each sensorial characteristic. Panelists used water to cleanse their palates between samples and were unaware of the identity of the samples they tasted. Sensory evaluation was carried out under controlled conditions of light, temperature, and humidity. Overall, two yogurt samples were scored for each replicate by the taste panel.

3.10. Statistical Analysis {#sec3dot10-ijms-17-00668}
--------------------------

All experiments were carried out in duplicate with two independent batches of yogurt each. Significance was established at *p* \< 0.05. Results were analyzed for statistical significance with analysis of variance (ANOVA). Duncan's multiple range test was used to determine significant differences among results (coefficients, ANOVA tables and significance (*p* \< 0.05) were computed using Statistica v.6.0 Package, Statsoft, OK, USA).

4. Conclusions {#sec4-ijms-17-00668}
==============

In the present study a multiplex PCR assay was developed for detection and identification of two potential probiotic lactobacilli strains, namely *Lb. pentosus* B281 and *Lb. plantarum* B282, in a single reaction. This represents an efficient tool for accurate and rapid detection of the strains of interest in food products. The specific stains were originally isolated from olive microbiota and their performance as starters in the fermentation of green olives was evaluated previously. Here, their possible use in yogurt production was examined. Cell enumeration and employment of the novel multiplex PCR methodology showed that both strains were presented in yogurt samples at levels ≥6 log CFU/g during fermentation and storage. In addition, the microbiological, physicochemical, and sensory profiles of the novel products were similar to the controls. Although further *in vitro* and *in situ* studies are required, these results promote the use of the two strains as starter cultures for the production of novel dairy products with probiotic potential.

This work has been co-financed by the Hellenic Agricultural Organization---DEMETER, Project "Research and evaluation of quality milk characteristics at responsibility Regions of Western Greece and Peloponnese".
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![Random Amplified Polymorphic DNA (RAPD) analysis for *Lb. pentosus* B281 and *Lb. plantarum* B282. (**Α**) Electrophoretic profile of *Lb. pentosus* B281 generated with RAPD primer AG281 (lane 1), and 9 *Lb. pentosus* strains (lanes 2--10). Lanes: 2, *Lb. pentosus* E95; 3, *Lb. pentosus* E106B; 4, *Lb. pentosus* E128; 5, *Lb. pentosus* E89; 6 *Lb. pentosus* E119; 7, *Lb. pentosus* E182; 8, *Lb. pentosus* E105; 9, *Lb. pentosus* 632; 10, *Lb. pentosus* 612. M: 1 kb DNA ladder. The numbers on the left of the figure indicate the DNA size markers in base pairs (bp). The arrow indicates the band of 872 bp; (**Β**) Electrophoretic profile of *Lb. plantarum* B282 generated with RAPD primer AG282 (lane 1), and 9 *Lb. plantarum* strains (lanes 2--10). Lanes: 2, *Lb. plantarum* E4; 3, *Lb. plantarum* E1; 4, *Lb. plantarum* E45; 5, *Lb. plantarum* E50; 6, *Lb. plantarum* E66; 7, *Lb. plantarum* E68; 8, *Lb. plantarum* E71; 9, *Lb. plantarum* E73; 10, *Lb. plantarum* E77. M: 100 bp DNA ladder. The numbers on the left of the figure indicate the DNA size markers in base pairs (bp). The arrow indicates the band of 391 bp.](ijms-17-00668-g001){#ijms-17-00668-f001}

![Agarose gel electrophoresis of PCR products from multiplex PCR assay. (**A**) Lanes: 1, *Lb. pentosus* B281; 2, *Lb. pentosus* E95; 3, *Lb. pentosus* E106B; 4, *Lb. pentosus* E128; 5, *Lb. pentosus* E89. M: 100 bp DNA ladder. The PCR product generated from the primer set 281F/281R of 872 bp is unique to *Lb. pentosus* B281, whereas the PCR product of the primer set P1/P2 of 89 bp is universal for lactobacilli. Both products are indicated with the corresponding arrows; (**B**) Lanes: 1, *Lb. plantarum* B282; 2, *Lb. plantarum* E4; 3, *Lb. plantarum* E1; 4, *Lb. plantarum* E45; 5, *Lb. plantarum* E50; 6, *Lb. plantarum* E66. M: 1 kb DNA ladder. The PCR product generated from the primer set 282F/282R of 391 bp is unique to *Lb. plantarum* B282, whereas the PCR product of the primer set P1/P2 of 89 bp is universal for lactobacilli. Both products are indicated with the corresponding arrows.](ijms-17-00668-g002){#ijms-17-00668-f002}

###### 

(**A**) Lactobacilli; (**B**) total viable counts; and (**C**) streptococci in yogurt samples during refrigerated storage. Means with different uppercase letters within the same treatment are significantly different (*p* \< 0.05). Means with different lowercase letters within the same storage day are significantly different (*p* \< 0.05).

![](ijms-17-00668-g003a)

![](ijms-17-00668-g003b)

![pH Values in yogurt samples during refrigerated storage. Means with different uppercase letters within the same treatment are significantly different (*p* \< 0.05). Means with different lowercase letters within the same storage day are significantly different (*p* \< 0.05).](ijms-17-00668-g004){#ijms-17-00668-f004}

![Sensory evaluation of yogurts during refrigerated storage at 4 °C (sampling day 1, 7, 15, 22, and 35). (![](ijms-17-00668-i001.jpg)): Yogurt produced with no probiotic culture; (![](ijms-17-00668-i002.jpg)): Yogurt containing *Lb. pentosus* B281; (![](ijms-17-00668-i003.jpg)): Yogurt containing *Lb. plantarum* B282; (![](ijms-17-00668-i004.jpg)): Yogurt containing *Lb. pentosus* B281 and *Lb. plantarum* B282.](ijms-17-00668-g005){#ijms-17-00668-f005}
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###### 

Detection of *Lb. pentosus* B281 and *Lb. plantarum* B282 in yogurt samples at levels ≥6 log CFU/g, after 1, 15, and 35 days of storage at 4 °C. Detection was performed by cell enumeration and multiplex polymerase chain reaction (PCR) analysis.

  Yogurt Sample   Day 1   Day 15   Day 35             
  --------------- ------- -------- -------- ---- ---- ----
  Control         −       −        −        −    −    −
  B281            \+      −        \+       −    \+   −
  B282            −       \+       −        \+   −    \+
  Double          \+      \+       \+       \+   \+   \+
